INTRODUCTION
Much of our conceptual understanding of the marine pelagic food web originates from the pioneer work of Sverdrup (1953) , Cushing (1959) and Steele (1974) . This understanding was based on coarsemeshed samplers, e.g. continuous plankton recorder surveys and vertical net hauls, and used to describe the seasonality of northern marine ecosystems and inspired generations of marine researchers. However, little attention was paid to the role of microbial communities, in part due to the difficulty in sampling this component of the food web. With the advent of suitable techniques, the microbial loop has been recognised to play a fundamental role in the flux of carbon and nutrients in marine ecosys-tems (Pomeroy 1974 , Sorokin 1977 , Azam et al. 1983 . Thus, the importance of the heterotrophic components of the microbial loop became recognised (Williams 1981) ; however, the role of photosynthetic picophytoplankton in northern ecosystems still received little attention. This was due to the fact that sampling efforts traditionally have been focused on the spring bloom period because the new production of larger-celled species in this period has a strong link to mesozooplankton and fish production (Sverdrup 1953 , Steele 1974 , Braarud & Nygaard 1978 . During the spring bloom, the relative abundance of picophytoplankton is low (Li et al. 1993 ) when compared to oligotrophic subtropical waters (Agawin et al. 2000) . The spring diatom bloom, however, is a short-term feature of the system, with smaller phytoplankton and their associated grazers dominating for the majority of the year. The microbial food web, in cluding picophytoplankton, has received more attention in recent years in northern systems (Søndergaard et al. 1991 , Joint et al. 1993 , Sherr et al. 2003 , Irigoien et al. 2005 , Tremblay et al. 2009 , Seuthe et al. 2011a .
In winter, the water column is characterized by high turbulent mixing, deep convection (Backhaus et al. 1999 ) and low irradiance. During this period, phyto plankton concentrations are dispersed (Li 1980) , and the major mesozooplankton grazer, Calanus finmarchicus, is in diapause at depth (Hirche 1996) . The onset of the bloom is affected by several physical factors, which have been thoroughly described, including a shoaling of deep convection (Taylor & Ferrari 2011) , periods below the threshold of critical turbulence (Huisman 1999) , eddy-driven stratification (Mahadevan et al. 2012) and irradiance (i.e. the critical depth model; Sverdrup 1953) . Grazing by microzooplankton (MZP) has also been suggested to play a major role in the bloom development. Behrenfeld (2010) and Behrenfeld & Boss (2014) hypothesised that the increase in phytoplankton biomass in the North Atlantic during the winter−spring transition could be the result of a decoupling of the MZP grazers from their phytoplankton prey during mixed layer deepening (the dilution−recoupling hypothesis). There has been controversy as to the mechanisms controlling the onset of the bloom, resulting in a publication by Lindemann & St. John (2014) presenting a conceptual model of the interplay of these abiotic and biotic mechanisms. However, no attempt has been made to investigate the photosynthetic planktonic community composition and grazing dynamics in the subarctic Atlantic during deep convection.
Here, we shift the focus from the diatom spring bloom to the microbial community found during the winter−spring transition and evaluate the relative contributions of pico-and nanophytoplankton in the subarctic North Atlantic prior to the bloom. We investigate the succession of both photosynthetic and heterotrophic plankton components and evaluate a central hypothesis behind bloom formation in wellmixed waters, i.e. the decoupling of the heterotrophic protists from the phytoplankton community during deep mixing. In addition to the in situ observations presented here, an experimental approach was applied to study the microbial interactions in detail (e.g. estimation of growth and grazing rates); these are presented in K. Riisgaard et al. (unpubl.) 
MATERIALS AND METHODS

Sampling site and hydrography
The study was conducted from 26 March to 29 April 2012 during a cruise aboard the RV 'Meteor' (cruise no. 87) coordinated by the University of Hamburg, Germany. The study focused on 3 stations located in the subarctic North Atlantic, representing different hydro graphical regimes: 2 stations on the edge of the deep basins north and south of the Greenland− Scotland Ridge in the Norwegian Basin (1300 m) and Iceland Basin (1350 m), respectively, and 1 station on the shallow Shetland Shelf (160 m) (Fig. 1) . Each station was revisited at 8 to 14 d intervals following a route circling the Faroe Islands. During each visit, vertical profiles of temperature, salinity and photosynthetically active radiation (PAR) were performed using a Sea-Bird CTD (SBE 9 plus) with an attached rosette of 10 l Niskin bottles.
Photic zone depth was defined as 0.1% of incident PAR measured at 5 m (Jerlov 1968) . The depth of the mixed layer was identified as a decrease of 0.2°C from surface (10 m) temperatures (de Boyer Montégut et al. 2004 ), evaluated to be the most appropriate definition for high latitude regions where deep convection can occur.
Sampling depths were chosen based on water column structure and covered the full water column, with the highest resolution within the mixed layer. During each visit to the stations, 3 CTD profiles were taken within a time frame of 20 to 36 h to capture the temporal dynamics (i.e. data presented from each visit in the following discussion is an average of 3 profiles). Samples were collected to provide data on the abundance of microbial components, including virus-like particles (hereafter re ferred to as virus), heterotrophic prokaryotes (Ar chaea and bacteria, hereafter referred to as bacteria), small (<10 µm) phytoplankton, unidentified heterotrophic nanoflagellates (HNF) and larger (>10 µm) ciliates and dinoflagellates (i.e. MZP) as well as chl a, nutrients and dissolved organic carbon and nitrogen (DOC and DON, respectively). The sampling of bacteria, viruses, small phytoplankton and total chl a was about twice as frequent as sampling of the more analytically time-consuming fractionated chl a and heterotrophic protists.
Nutrients, organic matter and chl a
Nitrate and nitrite (NO 3 +NO 2 ), phosphate (PO 4 ) and silicic acid (H 4 SiO 4 ) were measured on a Skalar Sanplus segmented-flow autoanalyser, following procedures outlined by Wood et al. (1967) for NO 3 +NO 2 , Murphy & Riley (1962) for PO 4 and Koroleff (1983) for the determination of H 4 SiO 4 .
Total organic carbon (TOC) in unfiltered seawater was analyzed by high-temperature combustion using a Shimadzu TOC-V CSH . Standardization was achieved using potassium hydrogen phthalate. Calibration was performed using deep seawater and low carbon reference waters as provided by the Hansell consensus reference materials (CRM) program and performed every sixth analysis to assess the day-to-day and instrument-to-instrument variability. The precision of TOC analyses was ~1 µmol kg −1 , with a coefficient of variation of 2 to 3%. Concentration of total nitrogen was determined simultaneously by high temperature combustion using a Shimadzu TNM1 attached to the Shimadzu TOC-V. Total organic nitrogen (TON) was calculated by subtracting total inorganic nitrogen (NO 3 +NO 2 ) measured from parallel nutrient samples on board. As ammonium concentrations were negligible throughout the cruise, with a mean of 0.18 µM ± 0.5, n = 400, within the upper mixed layer (J. Jacob unpubl.), these were not included in the total inorganic nitrogen pool. Nonpurgeable dissolved nitrogen compounds are combusted and converted to nitric oxide, which when mixed with ozone chemiluminesces for detection by a photomultiplier. Both measurements were quality controlled using CRMs distributed to the international community (Hansell 2005) . The CRMs were analyzed at regular intervals during each analytical day (Hansell 2005) . As the difference between TOC and DOC is minor in northern systems during nonbloom situations (Anderson 2002), we use the term DOC; for organic nitrogen, we use DON instead of TON.
Chl a concentrations were determined from 100 to 1000 ml samples and size fractionated on Whatman GF/F filters (0.7 µm pore size), 10 and 50 µm mesh; each fractionation treatment was triplicated. Filters were extracted in 5 ml of 96% ethanol for 12 to 24 h (Jespersen & Christoffersen 1987) . Chl a concentrations were measured before and after addition of 1 drop of acid (1 M HCl) on a TD-700 Turner fluorometer, which was calibrated against a chl a standard. 
Enumeration of bacteria, viruses and protists
Bacteria, viruses, small phytoplankton and HNF were enumerated using a FACSCalibur (Becton Dickinson) flow cytometer and analysed using CellQuest software.
Samples for phytoplankton and bacteria were fixed with glutaraldehyde (final conc. 0.5%) for 30 min in the dark at 4°C, while HNF were fixed with glutaraldehyde (final conc. 0.43%) for 2 h. Thereafter, all samples were flash frozen in liquid nitrogen and stored at −80°C until further analysis (within 4 mo).
Small phytoplankton were analysed directly after thawing for 5 min at a flow rate of 60 to 70 µl min -1 . Groups of picoeukaryotes, Synechococcus and small and large nanophytoplankton were discriminated on the basis of their side scatter (proportional to cell size) and red fluorescence ( Fig. 2A) as in Larsen et al. (2004) . Further, the mean red fluorescence per cell within each group was recorded.
For the enumeration of bacteria and viruses, samples were diluted (5-and 10-fold) with 0.2 µm filtered TE buffer (Tris 10 mM, EDTA 1 mM, pH 8), stained with a green fluorescent nucleic acid dye (SYBR Green I; Molecular Probes) and kept for 10 min at 80°C in a water bath to provide optimal staining of viruses (Marie et al. 1999) . Samples were counted for 1 min at a flow rate of ~30 µl min -1 and discriminated on the basis of their side scatter and green fluorescence (Fig. 2B ). As reference, yellow-green fluorescent beads of 2 µm diameter (FluoSpheres® Molecular Probes carboxylate-modified microspheres) were added. Bacteria are often found to group into 2 distinct clusters of high and low green fluorescence (Sherr et al. 2006 , Huete-Stauffer & Morán 2012 . As division was clear in current samples (Fig. 2B) , the total bacteria counts were divided into subgroups of low nucleic acid (LNA) and high nucleic acid (HNA). Samples for HNF were stained with SYBR Green I for 2 to 4 h in the dark at 4°C, and 0.5 µm yellowgreen fluorescent beads were added as reference. A 2 ml undiluted sample was analysed, and HNF were discriminated from phototrophic nanoflagellates in bivariate plots of the green fluorescence (from SYBR Green) vs. red fluorescence (from chl a) (Fig. 2C) , following the method of Zubkov et al. (2007) . The samples were measured at a lower flow rate (120 µl min ); however, the lower flow rate was compensated by longer measuring time, i.e. comparable volumes were measured. With this method, we could not distinguish mixotrophic nanoflagellates.
For enumeration and sizing of larger protists, water samples of 500 ml were gently decanted from the Niskin bottle through a silicon tube into brown glass bottles and fixed in acidic Lugol's solution (final conc. 3%) and kept cool and dark until analysis. To concentrate the samples, 500 ml subsamples were allowed to settle for 48 h in tall cylinders (height: 34.5 cm, diameter: 5 cm) before the upper part of the sample was gently removed by decanting with a silicon tube, leaving 100 ml in the cylinder. All (or a minimum of 300) cells were counted using an inverted microscope (Nikon K18).
Size and biomass estimation of protists
Dinoflagellates and ciliates were identified morphologically and divided into size classes covering 10 µm ranges of equivalent spherical diameter (ESD) starting with 10 to 20 µm. ESD and cell volume are related by π/6 × ESD 3 = cell volume. Cell volumes were calculated using appropriate geometric shapes without including the membranelles (tufted arrangements of cilia). The biovolumes were converted to carbon using the volume:carbon conversion factors given in Table 1 . Qualitative observations of dominant microphytoplankton families and species were recorded in parallel.
The biomass of pico-and nanoflagellates was estima ted based on literature conversion factors (Table 1) . Size determinations of the various groups of phytoplankton (picoeukaryotes, Synechococcus sp. and small and large nanophytoplankton) were performed by filtering parallel samples through 0.8, 1, 2, 5 and 10 µm polycarbonate filters and counting the filtrate, thereby enumerating the percentage of each group within the given size interval, a method modified from Zubkov et al. (1998) .
HNF size was estimated using epifluorescence microscopy. Samples (10 ml) were fixed with glutaraldehyde (final conc. 1%) for 1 h and stored at −80°C. The samples were filtered onto black polycarbonate filters (pore size 0.8 µm), stained with DAPI DNA-specific dye (Porter & Feig 1980) and ana lysed under a UV epifluorescence microscope (1000×). To ensure that the measured cells were hetero trophic, each cell was crosschecked for red fluo rescence. A total of 170 HNF were measured (~30 HNF were measured from both surface and subsurface samples at each station). As there was no sig- ). Dinoflagellates and ciliates are estimated from biovolumes (V) of each individual, and average ESD is therefore not presented. For smaller protist groups, average ESD was measured; for HNF, diameter was estimated by UV epifluorescence microscopy; for small phytoplankton, the weighted arithmetic mean of the diameter was calculated from the abundance within different size intervals using filtration (see further explanation in 'Size and biomass estimation of protists'). The biomass of bacteria is estimated using literature values. -: not measured nificant difference between the size measures, a total mean was later used for biomass esti mation. For both HNF and groups of small phytoplankton, the abundance within size intervals was converted to the weighted arithmetic averaged size and used for biomass estimation (Table 1) . Integrated values were calculated by trapezoid integration to the bottom, 600 m or the base of the mixed layer (see Figs. 4 & 7) . When samples were not available from the exact mixed layer depth (MLD), a curve was fitted between the 2 neighbouring samples and the resulting curve equation used to estimate the value by the base of the mixed layer. The integrated biomass values (mg C m −2 ) were converted to mg C m −3 by dividing by the depth of the mixed layer to enable comparison of the mean integrated biomass within the mixed layer between stations. Data included in the paper are available from the data repository PANGAEA via Paulsen et al. (2014a,b) for abundance measurements of pico-and nanoplankton during RV 'Meteor' cruise no. 87.
RESULTS
Physical regime
Weather during the cruise was generally windy, causing mixing of the upper part of the water column in addition to the winter convection. The deep stations in the Iceland and Norwegian basins were mostly stormy, and on several occasions, winds (Fig. 3) . Based on the water mass definitions of Blindheim & Østerhus (2005) potential temperature (θ) and salinity, the Iceland Basin consisted mostly of Atlantic Water (θ = 5 to 10.5°C, salinity = 35 to 35.05) reaching >1000 m depth, while Polar Overflow Water (θ < 0.5°C, salinity = 34.88 to 34.93) was observed near the bottom on a few occasions.
The deep Norwegian Basin (bottom = 1300 m) had a persistently shallower mixed layer around ~50 m (MLD = 37 to 56 m). Here, the Atlantic Water was constrained to the upper 100 m, while the major part of the water column (100 to 1300 m) consisted of cold Norwegian Sea Deep Water (θ < 0.5°C, salinity = 34.9), and there was a permanent density gradient between the 2 water masses. The shallow Shetland Shelf station was mixed to the bottom (MLD = bottom = 160 m), was characterized by a uniform water mass of Atlantic Water and remained similar between visits ( Fig. 3) . The dominating water masses at each of the 3 localities remained consistent throughout the period (the only intrusion of other water masses occurred in the Iceland Basin at 1200 to 1250 m).
Changes in chl a, nutrients and DOC:DON ratio
The integrated mean values of chl a (mg m −3 ) within the mixed layer at the 3 stations all showed a gradual increase during the cruise (Table 2, Figs. 3 & 4) . Because of the ongoing deep convection at the Iceland Basin and Shetland Shelf stations (from now on referred to as the deep mixed stations), a large fraction of chl a was detrained, i.e. mixed well below the photic zone (Fig. 3) . The deep mixed stations showed the highest increase in chl a, in the Iceland Basin from < 0.1 to 0.7 mg m −3 during a 30 d period and over the Shetland Shelf from 0.5 to 1.4 mg m −3 during a 14 d period. The increase in chl a at the deep mixed stations was mainly due to an increase in the > 50 µm chl a fraction; however, the 10 to 50 µm fraction also increased in the Shetland Shelf (Fig. 4) , which comprised up to 50% of the total chl a during the last visit. At the more stratified Norwegian Basin, chl a was retained within the photic zone (Fig. 3 ), yet here we observed the smallest increase in chl a within the mixed layer, from 0.4 to 0.6 mg chl a m −3
. The chl a fraction <10 µm comprised a major part of total integrated chl a, ranging at all stations from 47 ± 25% at the Iceland Basin to 55 ± 39% on the Shetland Shelf and was especially dominant in the Norwegian Basin at 95 ± 7% on average during the study (Fig. 4) .
Nutrient concentrations, i.e. NO 3 +NO 2 , PO 4 and H 4 SiO 4 , were high throughout the study and homogen eously distributed over the mixed layers (Table 2) , with slightly elevated concentrations be low the mixed layer (data not shown). Increases in the > 50 µm chl a fraction were reflected in a slight decrease in H 4 SiO 4 , from 4.7 to 4.2 µM at the Iceland Basin and from 2.8 to 1.7 µM at the Shetland Shelf, suggesting a net growth of diatoms at these locations. At the deep mixed stations, the carbon:nitrogen (C:N) ratio of the dissolved organic matter (DOM) decreased from 17 to 15 at the Iceland Basin and from 16 to 14 at the Shetland Shelf, i.e. became increasingly rich in nitrogen and closer to the Redfield ratio (C:N ratio of 6.63). There were no clear changes in DOC or DON at the more stratified Norwegian Basin (Table 2) . When comparing our study period to the surface chl a during the full year of 2012, it is evident that spring bloom has not yet initiated at the deep basins (Daniels et al. 2015) . We consider the initial visit to the Iceland Basin to represent winter con ditions based on the extremely low chl a values (0.06 mg m −3 ); the remaining sampling occasions are within the pre-bloom phase, while the last visits to the Shetland Shelf represent early bloom conditions, as substantial uptake of nutrients is evident, i.e. H 4 SiO 4 no longer in excess (Egge & Aksnes 1992) . The defined seasonal stages of the systems are indicated in Figs. 3, 4 & 7.
Succession of phytoplankton
The picophytoplankton community (< 2 µm) was dominated by unidentified picoeukaryotes, while the prokaryotic component, Synechococcus sp., was considerably less abundant. However, the relative abundance of Synechococcus sp. increased during the study at all stations, from 700 to 1600, 2300 to 4700 and 300 to 600 cells ml -1 at the Iceland, Norwegian and Shetland stations, respectively (Fig. 5) . The nano phytoplankton fraction (2 to 10 µm) was separated into 2 size groups of ESD: 2 to 5 and 6 to 10 µm (Fig. 3A) . For conversion to biomass, the diameters of picoeukaryotes, Synechococcus sp. and small and large nanophytoplankton were estimated on 7 occasions (mean ESD ± SD, n = 7) to be 1.7 ± 0.4, 1.1 ± 0.4, 4 ± 0.5 and 9 ± 0.7 µm, respectively. The abundances of pico-and nanophytoplankton were obtained throughout the mixed layer at all stations (Fig. 5) . Maximum abundance was obtained subsurface (below 5 m) at 24 of 27 stations and decreased exponentially below the mixed layer. The average red fluorescence (a measure of chl a content) per pico-and nanophytoplankton cell did not change with depth at the deep mixed stations but doubled at the base of the photic zone (± 50 m) at the more stratified Norwegian Basin (Fig. 6) , suggesting that phyto plankton were able to adapt their chl a content to the decrease in irradiance with depth at the more stratified station but not at the mixed stations.
The integrated biomass of small phytoplankton was significantly correlated (p < 0.05) with the integrated chl a fraction <10 µm. The averaged value of the slopes resulted in a chl a:carbon conversion factor of 29 ± 13 (n = 7) for the Iceland Basin and the Norwegian Basin combined. Poor correlations were found for the Shetland Shelf, indicating contributions to the <10 µm chl a fraction elsewhere than from the enumerated pico-and nanophytoplankton (Table 2) . We found that the <10 µm chl a fraction correlated significantly at all stations with the biomass of the pico-and nanophytoplankton converted from flow cytometer counts (r 2 = 0.58, p < 0.0001, n = 9, slope = 26.6).
The Norwegian Basin station had the highest cell number of pico-and nanophytoplankton within the mixed layer, about twice that of the Iceland Basin and triple that of the Shetland Shelf (Fig. 5) . During the first visit to the Norwegian Basin, picoeukaryotes were highly abundant, reaching a maximum of 20 × 10 3 cells ml −1
. Despite their small size, this fraction in this case comprised up to 64% of total phytoplankton biomass (the total phytoplankton biomass is calculated from total chl a to total phytoplankton carbon by using the conversion factor of 29, described in the ) to 600 m at the deep stations and to the bottom (160 m) at Shetland Shelf is shown in the lower panels previous paragraph) (Fig. 7) . During subsequent visits to the Norwegian Basin, the abundance of picoeukaryotes de creased gradually to average 6 × 10 3 cells ml −1 within the mixed layer, while small nanophytoplankton in creased significantly (1-way ANOVA, p < 0.05) and became dominant in terms of biomass. Qualitative observations from Lugol's-fixed samples revealed that dominant nanophytoplankton by the end of the period were of the class Cryptophyceae, while dia toms were absent in the Norwegian Basin.
At the deep mixed stations, the increase in the >10 µm chl a fraction corresponded well to observations from Lugol's-fixed samples where we observed that larger phytoplankton became more dominant. ) and few Leptocylindricus spp., while Pseudo-nitzschia spp. be came more dominant during the last 2 visits. At the Shetland Shelf station, the large phytoplankton community during the last visit was dominated by the diatoms Thalassiosira spp. and Ditylum brightwellii. See Daniels et al. 2015 for a more detailed description of the nano-and microphytoplankton community.
Succession of bacteria and virus ratios
In contrast to the photosynthetic plankton and the heterotrophic protists that were distributed evenly only within the mixed layer, bacteria were homogeneously distributed throughout the entire water column, except at the Norwegian Basin station, where a 100-fold decrease in bacterial abundance was evident below 1000 m (Fig. 5) . Initially, in late March and early April, the bacterial abundance was low at all stations (2 to 3 × 10 5 cells ml -1
) but increased during the following 10 d at all stations to reach around 6 to 7 × 10 5 cells ml -1 . The ratio of HNA:LNA bacteria increased significantly at all stations and was slightly lower below the mixed layer (Table 2, Fig. 8 ), i.e. fewer active bacteria. Bacteria were the most prominent heterotrophic biomass within the mixed layer (6 ± 3 mg C m -3 , n = 27), while viruses comprised the lowest biomass (0.1 ± 0.04 mg C m -3 , n = 27). The ratio of ) using values given in Table 1 and split into panels of (A−C, J−K) bacteria and autotrophs (i.e. Below the mixed layer, the V:B ratio was generally higher (Table 2) .
HNF
The mean ESD of HNF was 3.2 ± 0.3 µm, n = 170, and did not change during the period. HNF were abundant below the mixed layer, but at depths below 1000 m, they were found in relatively low abundance (23 ± 4 cells ml −1 , n = 4) (Fig. 5) . Within the upper mixed layer at the first visits to the Iceland Basin and Norwegian Basin stations, the abundance of HNF was low (25 and 48 cells ml −1 , respectively) but within 2 to 3 wk increased rapidly 4-to 5-fold. At the first visit to the Shetland Shelf station, the abundance was relatively higher (97 ± 14 cells ml ). In terms of biomass, HNF averaged ~3 ± 1% of their available prey (integrated biomass of bacteria, picoeukaryotes and Synechococcus) during the earliest visits to all stations, while later in the study the value increased tõ 7 ± 3% of their prey biomass.
MZP
MZP were found to be evenly distributed throughout the mixed layer at all 3 stations (Fig. 5) . In the Norwegian and Iceland basins, the abundance of MZP decreased with depth below the mixed layer. At all stations, ciliates contributed on average 73 to 91% of the total MZP biomass, while dinoflagellates made up the remaining part of the biomass (Fig. 7) . Integrated MZP biomass (mg C m −3 ) within the mixed layer was lowest at the Iceland Basin, slightly higher at the Shetland Shelf station and by far highest at the Norwegian Basin (Fig. 7) . At the Iceland Basin, MZP integrated biomass increased significantly from the first visit to the 3 later visits (1-way ANOVA, p < 0.05). A change in MZP biomass could not be tested for the Norwegian Basin and the Shetland Shelf stations due to lack of replicates, but those samples obtained suggest that there were no marked changes in MZP biomass. The MZP communities at all stations were generally composed of smaller (12 to 30 µm) species (Fig. 7G−I) . However, at the Iceland Basin station, the fraction of larger (ESD > 30 µm) species increased during the study, and during the last sampling day, 56% of the MZP biomass was composed of individuals with an ESD > 30 µm. The Norwegian Basin station was strongly dominated by small cells (ESD < 30 µm), contributing > 80% of the MZP biomass. Ciliates were dominated by oligotrichs at all stations, but mixotrophic cyclotrichs of the genus Mesodinium also contributed substantially to the ciliate biomass, especially at the 3 later visits to the Iceland Basin station. Naked gymnodioid species dominated the dinoflagellate biomass, whereas thecate species made a minimal contribution, < 5% of the total MZP biomass (Table 3) .
DISCUSSION
Deep mixing enhances accumulation of large phytoplankton
Even during winter, when the sun stays well below the horizon, backscattered light can be detected below 6 m depth at levels high enough to enable photosynthesis (Eilertsen & Degerlund 2010) . Backhaus et al. (2003) found presence of a winter stock of phytoplankton within the mixed layer of the Norwegian and Iceland basins and suggested this was en abled by phytoplankton occasionally re-entering the photic zone to harvest light as a result of deep convective mixing during winter. Based on the net in crease in chl a concentrations, the mixed stations were the most productive, with chl a increasing up to 5-fold during the course of our study. In comparison, integrated chl a remained roughly the same in the Norwegian Basin, despite an increased day length and excess nutrients (Table 2 , Fig. 4) . In contrast to Backhaus et al. (2003), who only considered total chl a and counts of large phytoplankton, we also considered the community of small phytoplankton be hind the chl a values.
As the pre-bloom develops, the relative contribution of small cells decreased at the mixed stations, while pico-and nanophytoplankton continued to dominate the phytoplankton biomass at the more stratified Norwegian Basin. This tendency suggests that convective mixing of the water column contributes to the maintenance of large cells such as diatoms in the water column, since the diatoms are otherwise subjected to high sinking losses. Similar selection has been observed in other turbulent systems (Kiørboe 1993) . However, large diatoms can also express positive buoyancy under certain conditions, e.g. during light and nutrient saturation the large marine diatom Ditylum brightwellii expresses high buoyancy (Waite et al. 1992) . Our observations support the fact that increasing light and nutrient-replete conditions could be favourable for large diatom species by further boosting their buoyancy. This is not the case at the Norwegian Basin, however, though light and nutrient conditions are similar, indicating that the convection is more likely an enhancer for diatoms during pre-bloom.
Contribution of picophytoplankton during pre-bloom
Our results demonstrate the quantitative importance of pico-and small nanophytoplankton in the subarctic Atlantic pre-bloom and suggest a new role of small phytoplankton production as an important booster of the late winter microbial heterotrophic community prior to the diatom bloom. The <10 µm chl a fraction clearly dominated during the winter and pre-bloom. However, it is not straightforward to draw conclusions on fractionated chl a, as small phyto plankton are known to form aggregates (Barber 2007) (and thus may have contributed to the larger fractions of chl a) and underestimate the contribution of small phytoplankton. We further document that the more stratified water enables the small phytoplankton to increase their pigment content towards the base of the photic zone (Fig. 6) ; thereby, using chl a as a proxy would overestimate phytoplankton biomass at more stratified stations where phytoplankton are adapted to stable light conditions when compared to the mixed stations. The following discussion is strengthened by being based both on fractionated chl a and on the cell counts of small phytoplankton.
Picophytoplankton dominated in numbers throughout the cruise (Fig. 5J−R) but contributed moderately to the integrated phytoplankton biomasses (Fig. 7A−C) . However, the fast turnover of picophytoplankton resulted in a larger contribution to phytoplankton production than their small biomass suggests (Agawin et al. 2000) . The higher turnover of picophytoplankton was also documented during this study by fractionated primary production measurements, showing the contribution of <10 µm phytoplankton to primary production to be on average 2.7 ± 2.2 times higher than their <10 µm contribution to chl a biomass in the Iceland Basin. The same tendency was found at the Norwegian Basin; here, however, the contribution to both chl a biomass and the production of large phytoplankton >10 µm was negligible (5 to 10%) throughout the study (Daniels et al. 2015) .
The success of picophytoplankton is often assumed to be due to their high affinity for nutrients (Agawin et al. 2000) ; however, the success of picoeukaryotes during the late winter in high-latitude systems may rather be explained by a high affinity for light com- Table 3 . Biomass contribution (%) of major groups or species of microzooplankton (dinoflagellates and ciliates) at different visits to the 3 stations pared to larger phytoplankton due to the absence of a cell wall and since the small size of picophytoplankton enables an efficient packaging of photosynthetic pigments inside the cell (Raven 1998 ). This high affinity for light coupled with their low sinking rates (Kiørboe 1993 ) position picophytoplankton to respond earlier than other groups to the increase in irradiance in the early spring. This hypothesis is supported by culture experiments with the abundant picophytoplankton Micromonas, which were found to have a competitive advantage in both Arctic and subarctic regions due to their relatively high growth rate at low irradiance and low temperature conditions (Lovejoy et al. 2007 ).
The picophytoplankton community was dominated by picoeukaryote species, whereas the contribution by the prokaryotic compartment, Synechococcus sp., was minor. Numeric dominance of eukaryotic picophytoplankton relative to prokaryotes is characteristic for high-latitude waters (Tremblay et al. 2009) . A picoeukaryote peak abundance of 20 × 10 3 cells ml It is open to dispute whether pico-and small nanophytoplankton are insignificant during the bloom period as found by Joint et al. (1993) or whether they may still comprise a substantial part of the bloom as found by Sherr et al. (2003) . As also discussed in Daniels et al. (2015) , it is likely that the de velopment we observe during pre-bloom will result in different spring blooms; while the Norwegian Basin spring bloom may continue to be dominated by pico-and small nanophytoplankton, the deep mixed stations are likely to be dominated by diatoms. The composition of phytoplankton during blooms is crucial for zooplankton and the energy transfer to higher trophic levels.
Our initial observations in late March at the Iceland Basin indicate that there are surviving winter stocks of both large and small phytoplankton. The early succession suggests that picoeukaryotes have the greatest advantage earliest in the season with lowest light conditions. Nanophytoplankton remain unchanged in deep mixed waters, whereas the accumulation of large phytoplankton (diatoms) rapidly increases in the deep convective waters of the Iceland Basin and Shetland Shelf (Fig. 4) . In the more stratified Norwegian Basin, chl a remained in the <10 µm fraction, but within this fraction, there was a clear change from dominance of picophytoplankton to dominance of small nanophytoplankton (Fig. 7) . The difference in development is likely caused by the difference in convective mixing, as discussed in the previous section. Moreover, difference in grazing control is likely to play a crucial role, as discussed in the next section.
Heterotrophic protist: top-down control on picophytoplankton?
The heterotrophic protists (HNF and MZP) followed the same homogeneous distribution within the mixed layer as the phytoplankton (Fig. 5) ; however, whereas MZP decreased exponentially below the mixed layer, HNF showed a more uniform distribution towards the bottom, resulting in a relatively higher biomass when integrated to 600 m (Fig. 7L,M) . The highest biomass of heterotrophic protists was found in the more stratified Norwegian Basin, where ciliates dominated the biomass (Fig. 7E) . Ciliates also dominated the biomass of hetero trophic protists at the 2 deep mixed stations. However, when considering the higher growth rates of HNF relative to MZP (Hansen et al. 1997 ), HNF's contribution to heterotrophic protist production may be higher than their biomass suggests. This is supported by incubation ex periments conducted during the study with surface water from the Iceland Basin, which showed HNF to have significantly higher growth rates (0.48 ± 0.17 d , n = 3) (K. Riisgaard et al. unpubl.) .
The cell numbers of HNF we encountered were in general in the lower end of those observed globally (Sanders et al. 1992 ) but very similar to those found in Arctic marine systems during the period of winter− spring transition (Vaqué et al. 2008 , Iversen & Seuthe 2011 . Peak abundances of 300 cells ml −1 were observed during our study period. Kuipers et al. (2003) document peak HNF numbers of up to 8000 cells ml −1 in the Faroe−Shetland Channel (60 to 62°N) during summer. This suggests that the rapid increase in the abundance of HNF we observed might be sustained through the spring season, thus maintaining a high grazing pressure on bacteria and picophytoplankton. The average diameter of HNF found in this study, 3.2 ± 0.3 µm, agrees with the ≤3 µm obtained by Jürgens & Massana (2008) for 76% of HNF across 4 different marine systems. HNF with a diameter of 2 to 5 µm have been observed to ingest 1.5 to 2 µm picoeukaryotes and coccoid cyanobacteria (Sherr et al. 1997) . It has long been assumed that HNF feed on pico-sized phytoplankton (Fenchel 1982 , Azam et al. 1983 ), yet recent studies on the grazing potential of HNF focus on quantifying bacterivory and neglect the additional portion of carbon taken up via picophytoplankton (Tanaka et al. 1997 , Iriarte et al. 2008 . They are, how ever, major grazers of picophytoplankton (Christaki et al. 2001 , Sherr & Sherr 2002 , Brę k-Laitinen & Ojala 2011 , and it remains for future studies to resolve the importance of HNF grazing. We here would suggest splitting the group into large and small HNF to test whether the size groups have different prey-size preferences as speculated by Sherr & Sherr (2002) and Vaqué et al. (2008) . Both of these studies suggest that heterotrophic flagellates < 5 µm are the main grazers on bacteria, while flagellates > 5 µm select for picoeukaryotes. We observe that the decrease in picoeukaryote biomass mirrors the increase in HNF biomass within the mixed layer of the Norwegian Basin and Shetland Shelf (Fig. 7B,C,E,F) , also implied by the gradual decreases in bacteria: HNF and picoeukaryote:HNF ratios during prebloom (Table 2) . Still, it is impossible to resolve the top-down controls on pico-sized plankton from in situ abundances; however, quantifications of HNF grazing are documented through incubation experiments in K. Riisgaard et al. (unpubl.) .
Effect of deep mixing on protist grazing
The biomass (mg C m −3 ) of dinoflagellates and ciliates was low at all sampling stations compared to biomass obtained during spring and summer in the Norwegian Sea (Verity et al. 1993) . However, when integrated over the depth of the mixed layer, MZP biomasses are comparable to spring integrated biomasses (300 to 500 mg C m −2 ) within the mixed layer of the Norwegian Basin and the high Arctic Kongsfjorden (Verity et al. 1993 , Seuthe et al. 2011a ) and 2-to 3-fold higher than integrated values estimated during the winter−spring transition in the high Arctic Disko Bay (Levinsen et al. 2000) . Thus, although MZP concentrations are relatively low, their integrated biomass is significant at all stations.
Ciliates dominated the MZP biomass, with a relative increase in naked and thecate dinoflagellates at the deep mixed Iceland Basin and Shetland Shelf as diatoms became more abundant. The positive relationship between dinoflagellates and diatoms supports the hypothesis that heterotrophic dinoflagellates are important grazers of diatoms (Sherr & Sherr 2007) . The Norwegian Basin was dominated (76 to 86%) by oligotrich ciliates throughout the study, which would also be expected with a phytoplankton community composed of mainly small cells. At all 3 stations, large (> 30 µm) species became increasingly important at the Iceland Basin and mirrored the increase in large phytoplankton (> 50 µm), while the smaller Mesodinium spp. became highly abundant at the Shetland Shelf.
Behrenfeld (2010) and Behrenfeld & Boss (2014) suggested that the higher net increase in phytoplankton biomass during events of deep convection is caused by a dilution of the grazing community. Although the grazers are possibly diluted, as indicated by the homogenously vertical distribution of MZP throughout the mixed layer and a reduction in MZP biomass with increasing mixing depth (Fig. 9) , a reduction in numbers of grazers will not necessarily benefit diatoms. Based on the composition of the hetero trophic protists, which were dominated by HNF and ciliates, we argue that a dilution of the grazing community would mainly benefit pico-and nanophytoplankton, whereas diatoms are largely unaffected, the latter because diatoms are unsuitable as prey for HNF and ciliates. Thus, the increase in the >10 µm chl a fraction at the mixed stations is more likely to be explained by reduced sinking rates due to deep convection and increased irradiance as the day length increases rather than reduced grazing pressure from heterotrophic protists being diluted. Alternatively, dilution may have reduced the grazing pressure from other grazers such as copepods (e.g. Oithona sp.), which could explain the net growth in large phytoplankton species at the mixed stations.
It must further be considered that the response of mixing is time dependent, i.e. organisms with high growth rates are less affected by dilution. The higher growth rates of HNF, compared to MZP, may be the reason that HNF seem unaffected by deep mixing, while MZP biomass decreases significantly with MLD (Fig. 9) . Further, as MZP are also grazers of HNF, the HNF may benefit from the dilution of MZP during deep mixing. When HNF is favoured by deep mixing, the prey of HNF would equally not benefit from deep mixing. Here, we want to underline that the effect of deep mixing in regard to grazing on phytoplankton strongly depends on the size composition of the heterotrophic community.
Controls of bacteria
To our knowledge, there are no previous observations of bacterial abundance during the winter− spring transition in the subarctic North Atlantic. The abundances encountered initially in late March and early April (2 to 3 × 10 5 cells ml -1
) are an order of magnitude lower than those observed during the spring bloom in May (47°N, 20°W), where they have been documented to reach 2 × 10 6 cells ml -1 (Ducklow et al. 1993 ) but correspond to observations found during pre-bloom conditions elsewhere in the temperate and Arctic North Atlantic (Bratbak et al. 2011 , Seuthe et al. 2011a . It is generally assumed that the growth of heterotrophic bacteria in the winter and pre-bloom phase is substrate limited and the in crease in abundance is triggered by DOM excreted from the spring bloom production (Lancelot & Billen 1984 , Teeling et al. 2012 ). Our observations, however, show that bacteria increase in abundance and activity (HNA:LNA ratio) already during pre-bloom. The fact that DOC does not accumulate in the surface layer, despite a net growth of phytoplankton (Fig. 4) , infers that the DOC has been taken up by bacteria (Thingstad et al. 1997) . Excretion from phytoplankton is generally a very labile carbon source. It has been suggested that smaller phytoplankton excrete relatively more, as the passive excretion is largely due to the passive diffusion of low molecular weight compounds over the cell membrane, which is proportional to the surface:volume ratio and therefore higher for small cells (Bjørnsen 1988 ), e.g. a study by Malinsky-Rushansky & Legrand (1996) found that picoeukaryotes release 30% of their primary production, while larger nano-sized cells release only 4 to 5%. Therefore, a relatively high contribution to picophytoplankton may benefit bacteria. Our data suggest that bacteria in the deep basins initially were carbon limited, as they responded positively to the growing phytoplankton supply of labile DOC by increasing in numbers within the upper mixed layer between the first and second visits at all stations and expressing higher HNA:LNA ratios (Table 2 ). Control by bacterivorous grazers and nutrients were assumed to be less important due to low cell numbers of HNF grazers and since NO 3 + NO 2 and PO 4 were found in excess.
The C:N ratio of DOM generally decreased during the study from 17.0 to 14.5 in the upper mixed layer and from 15.7 to 13.6 below the mixed layer (Fig. 8) , possibly due to grazing and loss of carbon by respiration of the carbon-rich phytoplankton primary production. Labile DOM is characterized by low C:N ratios relative to refractory DOM (Carlson 2002) , and therefore the decrease in C:N coincides (however does not correlate significantly, p = 0.2) with a significant increase in HNA:LNA bacteria (r 2 = 0.83, p < 0.005) ratios within the mixed layer as well as below the mixed layer (r 2 = 0.84, p < 0.005) (Fig. 8) , indicating a more actively growing bacterial community (Sherr et al. 2006 , Martínez-García et al. 2013 ). There was, however, an increase in the C:N ratio from the first to the second visit at the Norwegian Basin; this could be explained by a relatively high release of sugars (high C, low N) from picophytoplankton (Gi rol do et al. 2005) , which dominated at the time.
Decreasing V:B ratio
It is generally assumed that viruses are responsible for 10 to 50% of the bacterial mortality in surface waters and 50 to 100% in environments where grazing protists are low in numbers, e.g. the deep ocean (Fuhrman 1999) . The higher the V:B ratio, the higher the expected bacteria mortality induced by strainspecific viruses. During this study, we found a significantly decreasing V:B ratio within the upper mixed layer at all stations (1-way ANOVA, p < 0.0001). This was due to an increase in bacteria, which was not mirrored as an increase in viruses. One explanation could be that the strains of bacteria which are the best competitors for the newly produced DOC became dominant over the strains that dominated during the substrate-limited winter, and thus the strain-specific viruses have not yet evolved for the new strains of dominating bacteria, or that the abundance of bacteria was not sufficient to permit infection by a virus to influence the bacterial community (i.e. a Holling type III or IV reaction). This lag phase by viruses gives the bacterial competition specialists a head start in the pre-bloom phase. Eventually, viruses would be expected to increase in numbers and, according to the killing the winner hypothesis (Thingstad 2000) , become a regulating factor for the bacteria community, and the V:B ratio would in crease.
Bacteria in deep water benefit from deep mixing
Bacterial abundance in deep oceans is often observed to decline exponentially with depth (Nagata 2000) . In contrast, we observed a vertical uniform distribution of bacteria to the bottom (1350 m) of the Iceland Basin, while bacteria decreased significantly towards the bottom at the equally deep Norwegian Basin station (Fig. 5A−G) . The relatively high bacterial abundance and increasing HNA:LNA ratio in the deep water of the Iceland Basin is potentially a consequence of deep convective mixing, which has resulted in a homogeneous distribution of bacteria over the water column. This distribution extends below the observed mixed layer at all stations, suggesting that the depth of convective mixing has retreated prior to the program.
Conversely, the homogeneous distribution observed in the heterotrophic organisms is not evidenced in the photosynthetic community at the Iceland and Norwegian basins. The Shetland Shelf station, which was mixed to the bottom by convection during the study period, has a homogeneous distribution of all properties over the entire water column. These observations suggest that the conditions in the convective layer have the potential for a net positive, although low, growth rate as speculated by Backhaus et al. (2003) and Lindemann & St. John (2014) . These authors have identified the role of phyto-convection (Backhaus et al. 2003) and below the threshold of critical turbulence resulting in surface blooms (Huisman 1999) in maintaining and fueling production in the convective mixed layer. The cell distributions we observed below the convective depth support the idea of Lindemann & St. John (2014) that cells are potentially detrained from the convective mixed layer, contributing to a pre-spring bloom flux of organic material to depth and here resulting in increased heterotrophic biomass. However, future research is clearly necessary to test this hypothesis.
Our interpretation of the data
This study highlights the importance of the small, fast-growing phytoplankton community as the base of the food web prior to the phytoplankton spring bloom and suggests that deep convection enhances not only phytoplankton accumulation within the mixed layer but also feeds a growing bacterial population below the deep mixed layer. The pre-bloom production feeds a growing community of heterotrophic bacteria and heterotrophic protists and alters the C:N ratio of DOM without depleting the nutrient reservoirs. The subsequent succession and nutrient depletion is caused by larger phytoplankton resistant to small grazers. Our data further suggest that deep mixing reduces grazing on and thus enhances the growth of >10 µm phytoplankton but that the fastgrowing HNF are able to keep a tight grazing control on picophytoplankton despite deep mixing. Experimental studies are needed to further assess the coupling between picophytoplankton and their small grazers.
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